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In November 1986, the Software Engineering Institute (SEI), with assistance
from the Mitre Corporation, began developing a process maturity
framework that would help organizations improve "*weir software process.
This effort was initiated in response to a request to provide the federal
government with a method for assessing the capability of its software
contractors. In September 1987, the SEI released a brief description of the
process maturity framework [Humphrey 87a] and a maturity questionnaire
[Humphrey87b]. The SEI intended the maturity questionnaire to provide a
simple tool for identifying areas where an organization's software process
needed improvement. Unfortunately, the maturity questionnaire was too
often regarded as "the model" rather than as a vehicle for exploring process
maturity issues.

After four years of experience with the software process maturity framework
and the preliminary version of the maturity questionnaire, the SEI evolved
the software process maturity framework into the Capability Maturity
Model for Software (CMM) [Paulk91, Weber91]. The CMM is based on
knowledge acquired from software process assessments and extensive
feedback from both industry and government. By elaborating the maturity
framework, a model has emerged that provides organizations with more
effective guidance for establishing process improvement programs.

The initial release of the CMM, Version 1.0, was reviewed and used by the
software community during 1991 and 1992. A workshop was held in April,
1992 on CMM v1.0, which was attended by about 200 software professionals.
This version of the CMM, Version 1.1, is the result of the feedback from that
workshop and ongoing feedback from the software community.

The CMM is the foundation for systematically building a set of tools,
including a maturity questionnaire, which are useful in software process
improvement. The essential point to remember is that the model, not a
questionnaire, is the basis for improving the software process. This paper is
intended to introduce the reader to CMM v1.1.
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What is the Purpose of This Paper?

This paper provides a technical overview of the Capability Maturity Model
for Software and reflects Version 1.1. Specifically, this paper describes the
process maturity framework of five maturity levels, the structural
components that comprise the CMM, how the CMM is used in practice, and
future directions of the CMM. This paper serves as one of the best sources
for understanding the CMM, and it should clear up some of the
misconceptions associated with software process maturity as advocated by
the SEL

The SEI has worked with industry and government to refine and expand
the model, and software organizations are encouraged to focus on the CMM
rather than on the maturity questionnaire. The SEI has developed, and is
developing, a suite of process products to encourage this focus. This paper
[Paulk93a], in combination with the "Key Practices of the Capability Maturity
Model, Version 1.1" [Paulk93b], comprises CMM v1.1. The "Key Practices of
the Capability Maturity Model, Version 1.1" describes the key practices for
each level of the CMM. This paper describes the principles underlying
software process maturity and is intended to help software organizations
use CMM v1.1 as a guide to improve the maturity of their software
processes.

Who Should Read This Paper?

This paper presents an introduction to the CMM and its associated products.
Therefore, anyone who is interested in learning about the CMM should
read this paper. However, this paper assumes that the reader has some
knowledge of, and experience in, developing and/or maintaining software,
as well as an understanding of the problems that the software community
faces today.

viiim Capability Maturity Model CMU/SEI-93-TR-24
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To the Readér

This document can be used in several ways.

QO by anyone wanting to understand the key practices that are part of

effective processes for developing or maintaining software,

bv anyone wanting to identify the key practices that are needed to
achieve the next maturity level in the CMM,

by organizations wanting to understand and improve their capability
to develop software effectively,

by acquisition organizations or prime contractors wanting to know
the risks of having a particular software organizaticn perform the
work of a contract,

by the SEI as the basis for developing questions for the maturity
questionnaire, and

by instructors preparing teams to perform software process
assessments or software capability evaluations.

How is This Paper Organized?

This paper has five chapters:

Chapter 1 Defines the concepts necessary to understand
the CMM and the motivation and purpose
behind it.

CMU/SEI-93-TR-24 Capability Maturity Model = ix
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Chapter 2 Describes the five levels of the CMM and the
principles that underlie them.

Chapter 3 Describes how the CMM is structured into
key process areas, organized by common
features, and described in terms of key
practices.

Chapter 4 Provides a high-level overview of how the
CMM provides guidance for software process
assessments, software capability evaluations,
and process improvement programs.

Chapter 5 Concludes by providing a description of
future directions for the CMM and its related
products.

What Are the Other CMM Products?

Although this paper can be read in isolation, it is designed to be the
launching point for other products. This paper and the associated products
help the reader understand and use the CMM. All of the CMM-based
products have been, or will be, systematically derived from the model. At
the time of this writing, most of these products are not available in their

final form, although preliminary versions are in various stages of pilot
testing and release.

x m Capability Maturity Model CMU/SEI-93-TR -24
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The CMM-based set of products includes several diagnostic tools, which are
used by software process assessment! and software capability evaluation?
teams to identiry strengths, weaknesses, and risks of an organization's
software process. Probably the best known of these is the maturity
questionnaire. The software process assessment and software capability
evaluation methods and training also rely on the CMM.

The users of these products form a community dedicated to improving the
maturity of their software process. The SEI will continue to work with the
software community to enhance the model and its associated products.

How Do You Receive More Information?

For further information regarding the CMM and its associated products,
including training on the CMM and how to perform software process
‘ assessments and software capability evaluations, contact:

SEI Customer Relations

Software Engineering Institute

Carnegie Mellon University

Pittsburgh, PA 15213-3890

(412) 268-5800

Internet: customer-relations@sei.cmu.edu

determine the state of an organization's current software process, to determine the high-priority
software process-related issues facing an organization, and to obtain the organizational support for
software process imprcvement.

2 A software capability evaluation is an appraisal by a trained team of professionals to identify
contractors who are qualified to perform the software work or to monitor the state of the software

1 A sofiware process assessment is an appraisal by a trained team of software professionals to
process used on an existing software effort.
|
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To the Reader

SEI technical reports, such as this paper and the "Key Practices of the
Capability Maturity Mode!, Version 1.1," are directly available from the
Defense T=chnical Information Center (DTIC), the National Technical
Information Service (N'TIS), and Research Access Inc. (RAI). These
documents can be obtained by contacting:

RAIL

NTIS:

DTIC:

Research Access Inc.

3400 Forbes Avenue
Suite 302

Pittsburgh, PA 15213
Telephone: (800) 685-6510
FAX: (412) 682-6530

National Technical Information Service
U.S. Department of Commerce
Springfield, VA 22161-2103

Telephone: (703) 487-4600

Defense Technical Information Center
ATTN: FDRA Cameron Station
Alexandria, VA 22304-6145

Telephone: (703) 274-7633
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SEI technical reports are also available via Internet. To use anonymous ftp
from a Unix system on Internet:

ftp ftp.sei.cmu.edud

login: anonymous

password: <your user id or any string>
cd pub/emm

get READ.ME

get <files>

quit

The file READ.ME contains information on what files are available. Other
SEI publications are available in a similar manner.

3 The SEI ftp machine address is 128.237.2.179.
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The Process Maturity
Framework

After two decades of unfulfilled promises about productivity and quality
gains from applying new software methodologies and technologies,
industry and government organizations are realizing that their
fundamental problem is the inability to manage the software process
[DoD87]. The benefits of better methods and tools cannot be realized in the
maelstrom of an undisciplined, chaotic project. In many organizations,
projects are often excessively late and double the planned budget [Siegel90].
In such instances, the organization frequently is not providing the
infrastructure and support necessary to help projects avoid these problems.

Even in undisciplined organizations, however, some individual software
projects produce excellent results. When such projects succeed, it is
generally through the heroic efforts of a dedicated team, rather than
through repeating the proven methods of an organization with a mature
software process. In the absence of an organization-wide software process,
repeating results depends entirely on having the same individuals available
for the next project. Success that rests solely on the availability of specific
individuals provides no basis for long-term productivity and quality
improvement throughout an organization. Continuous improvement can
occur only through focused and sustained effort towards building a process
infrastructure of effective software engineering and management practices.

1.1 Immature Versus Mature Software
Organizations
Setting sensible goals for process improvement requires an understanding
of the difference between immature and mature software organizations. In
an immature software organization, software processes are generally
improvised by practitioners and their management during the course of the
project. Even if a software process iias been specified, it is not rigorously
followed or enforced. The immature software organization is reactionary,

CMU/SEI-93-TR-24 Capability Maturity Model = 1




The Process Maturity Framework .

and managers are usually focused on solving immediate crises (better
known as fire fighting). Schedules and budgets are routinely exceeded
because they are not based on realistic estimates. When hard deadlines are
imposed, product functionality and quality are often compromised to meet
the schedule.

In an immature organization, there is no objective basis for judging product
quality or for solving product or process problems. Therefore, prodvct
quality is difficult to predict. Activities intended to enhance quality such as
reviews and testing are often curtailed or eliminated when projects fall
behind schedule.

On the other hand, a mature software organizadon posses:ies an

organization-wide ability for managing software development and

mainterance processes. The software process is accurately communicated to

both existing staff and new employees, and work activities are carried out

according to the planned process. The processes mandated are fit for use
[Humphrey91b] and consistent with the way the work actually gets done. o
These defined processes are updated wien necessary, and improvements

are developed through controlled pilot-tests and/or ci'st banefit analyses.

Roles and responsibilities within the defizied process are clear thioughout

the project and across the organization.

In a mature organization, ranagers monitor the quality of the software
products and customer satisfaction. There is an objective, quantitative basis
for judging product quality and analyzing problems with tl'e product and
process. chedules and budgets are based on historical performance and are
realistic; the expected results for cost, schedule. functionality, and quality of
the product are usually achieved. In general, a disciplined process is
consistently followed because all of the participants understand the value of
doing so, and the necessary infrastructure exists to support the process.

Capitalizing on these observations about immature and mature software
organizations requires construction of a sof :ware process maturity

2 m Capability Maturity Model CMU/SEI—93—TR-24— ‘
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1.2

framework. This framewcrk describes an evolutionary path from ad hoc,
chaotic processes to mature, disciplined software processes. Without this
framework, improvemen. programs may prove ineffective because the
necessary foundation for supporting successive improvements has not been
established. The software process maturity framework emerges from
integrating the concepts of software process, software process capability,
software process performance, and software process maturity, all of which
are defined in succeeding paragraphs.

Fundamental Concepts Underlying Process
Maturity

According to Webster's dictionary, a process is "a system of operations in
producing something ... a series of actions, changes, or functions that
achieve an end or result." The IEEE defines a process as "a sequence of steps
performed for a given purpose" [IEEE-STD-610]. A software process can be
defined as a set of activities, methods, practices, and transformations that
people use to develop and maintain software and the associated products
(e.g., project plans, design docurnents, code, test cases, and user manuals).
As an organization matures, the software process becomes better defined
and more consistently implemented throughout the organization.

Software process capability describes the range of expected results that can be
achieved by following a software process. The software process capability of
an organization provides one means of predicting the most likely outcomes
to be expected from the next software project the organization undertakes.

Software process performance represents the actual results achieved by
following a software process. Thus, software process performance focuses
on the results achieved, while software process capability focuses on results
expected. Based .n the attributes of a specific project and the context within
which it is conducted, the actual performance of the project may not reflect
the full process capability of the organization; i.e., the capability of the

CMU/SEI-93-TR-24 Capability Maturity Model = 3
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1.3

project is constrained by its environment. For instance, radical changes in
the application or technology undertaken may place a project' s staff on a
learning curve that causes their project's capability, and performance, to fall
short of the organization's full process capability.

Software process maturity is the extent to which a specific process is
explicitly defined, managed, measured, controlled, and effective. Maturity
implies a potential for growth in capability and indicates both the richness
of an organization's software process and the consistency with which it is
applied in projects throughcut the organization. The software process is
well-understood throughout a mature organization, usually through
documentation and training, and the process is continually being
monitored and improved by its users. The capability of a mature software
process is known. Software process maturity implies that the productivity
and quality resulting from an organization’s software process can be
improved over time through consistent gains in the discipline achieved by
using its software process.

As a software organization gains in software process maturity, it
institutionalizes its software process via policies, standards, and
organizational structures. Institutionalization entails building an
infrastructure and a corporate culture that supports the methods, practices,
and procedures of the business so that they endure after those who
originally defined them have gone.

Overview of the Capability Maturity Model

Although software engineers and managurs .iten know their problems in
great detail, they may disagree on which improvements are most important.
Without an organized strategy for improveme .. it is difficult to achieve
consensus between management and the professic::al staff on what
improvement activities to undertake first. To achieve i-5¢ng results from
process improvement efforts, it is necessary to design an ¢-olutionary path

4 m Capability Maturity Model CMU/SEI-93-TR-24
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The Process Maturity Framework

that increases an organization's software process maturity in stages. The
software process maturity framework [Humphrey 87a] orders these stages so
that improvements at each stage provide the foundation on which to build
improvements undertaken at the next stage. Thus, an improvement
strategy drawn from a software process maturity framework provides a
roadmap for continuous process improvement. It guides advancement and
identifies deficiencies in the organization; it is not intended to provide a
quick fix for projects in trouble.

The Capability Maturity Model for S~ftware provides software organizations
with guidance on how to gain control of their pror~sses for developing and
maintaining software and how to evolve toward a culture of software
engineering and management excellence. The CMM was designed to guide
software organizations in selecting process improvement strategies by
determining current process maturity and identifying the few izsues most
critical to software quality and process improvement. By focusing on a
limited set of activities and working aggressively to achieve them, an
organization can steadily improve its organization-wide software process to
enable continuous and lasting gains in software process capability.

The staged structure of the CMM is based on principles of product quality
that have existed for the last sixty years. In the 1930s, Walter Shewart,
promulgated the principles of statistical quality control. His principles were
further developed and successfully demonstrated in the work of W.
Edwards Deming [Deming86] and Joseph Juran [Juran88, Juran89]. These
principles have been adapted by the SEI into a maturity framework that
establishes a project management and engineering foundation for
quantitative control of the software process, which is the basis for
continuous process improvement.

The maturity framework into which these quality principles have been
adapted was first inspired by Philip Crosby of in his book Quality is Free
[Crosby79]. Crosby's quality management maturity grid describes five
evolutionary stages in adopting quality practices. This maturity framework
was adapted to the software process by Ron Radice and his colleagues,
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working under the direction of Watts Flumphrey at IBM [Radice85].
Humphrey brought this maturity framework to the Software Engineering
Institute in 198C, added the concept of maturity levels, and developed the
foundation for its current use throughout the software industry.

Early versions of Humphrey's maturity framework are described in SEI
technical reports [Humphrey87a, Humphrey87b], papers [Humphrey88], and
in his book, Managing the Software Process [Humphrey89]. A preliminary
maturity questionnaire [Humphrey87b] was released in 1987 as a tool to
provide organizations with a way to characterize the inaturity of their
software processes. Two methods, software process assessment and software
capability evaluation, were developed to appraise software process maturity
in 1987. Since 1990, the SEI, with the help of many people from
government and industry, has further expanded and refined the model
based on several years of experience in its application to software process
improvement.

6 u Capability Maturity Model CMU/SEI-93-TR-24 .




The Five Levels of Software
Process Maturity

Continuous process improvement is based on many small, evolutionary
steps rather than revolutionary innovations [Imai86]. The CMM provides a
framework for organizing thesc evolutionary steps into five maturity levels
that lay successive foundations for continuous process improvement.
These five maturity levels define an ordinal scale for measuring the
maturity of an organization's software process and for evaluating its
sortware process capability. The levels also help an orgenization prioritize
its improvement efforts.

A maturity level is a well-defined evolutionary plateau toward achieving a
mature software process. Each maturity level provides a layer in the
foundation for continuous process improvement. Each level comprises a
set of prozess goals that, when satisfied, stabilize an important component of
the software process. Achieving each level of the maturity framework
establishes a different component in the software process, resulting in an
increase in the process capability of the organization.

Organizing the CMM into the five levels shown in Figure 2.1 prioritizes
improvement actions for increasing sofitware process maturity. The labeled
arrows in Figure 2.1 indicate the type of process capability being
institutionalized by the organization at each step of the maturity
framework.
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The Five Levels of Software Process Maturity

Continuously Optimizing |
improving (5) 3
process

anaged

Predictable
process (4)

Standard, : Defined
consistent (3)
process

Disciplined | Repeatable
process (2) ;

(1)

Figure 2.1 The Five Levels of Software Process Maturity

The following characterizations of the five maturity levels highlight the
primary process changes made at each level:

1) Initial The software process is chaiacterized as ad hoc, and
occasionally even chaotic. Few processes are defined, and
success depends on individual effort.
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